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In his inaugural address of this series in 1957, Lord Adrian (Adrian 1957 ) elucidated the general conceptual approach used by Sherrington in his analysis of the function of the nervous system, and showed how in his long and productive scientific career Sherrington established the science of neurophysiology as we know it in the English-speaking world. Later lecturers (Denny-Brown 1962 , Granit 1968 , Whitteridge 1972 have illustrated through their own discoveries the continuing influence of Sherrington's ideas upon contemporary neuroscience. You will see from that which follows that I have taken a somewhat different approach in my research of recent years (Mountcastle et 0/. 1975 , Mountcastle 1976 , Lynch et 01. 1977 . Nevertheless, I like to believe that Sherrington would have found something of interest in it.
The experiments I shall describe have their conceptual origin in part in the studies of parietal lobe function in humans, particularly those studies of Holmes (1918 Holmes ( , 1936 , Critchley (1953) and Denny-Brown & Chambers (1958) , and those of similarly perceptive neurologists who have followed them. Their clinical studies have led to the proposition that the parietal lobe of the cerebrum, together with its system connections, contains a neural apparatus which generates an internal neural image of the body position within the immediately surrounding behavioural space and the gravitational field, of the spatial relation between the body parts, of the direction of gaze and of visual attention, and of dynamic changes in these postural and attitudinal sets.
It is the major theme of my lecture that this parietal lobe mechanism also receives signals concerning the internal state of the organism in terms of needs and interests, and from time to time generates commands for action, for selective and directed visual attention into the immediate behavioural surround, for the visual grasping of objects, and for skilled coordinated actions of hand and eye. On the afferent side this apparatus appears to be linked to the 'second' visual system, that which projects via the superior colliculus and pretectum to the dorsal thalamus and the parietal lobe, as well as to a relayed and convergent input from the geniculostriate system via the dorsal thalamus. This command apparatus of the parietal lobe appears to function less automatically than do more familiar ones linking input to output directly. It is conditional in nature, and depends for action upon the outcome of a matching function between the neural signals of the nature of objects -quality, location, novelty -and those of central drive states. Attention The human observer possesses a limited information processing capacity, yet he is immersed in a sea of signals which possess important implications and consequences for him -guides for. I Sherrington Memorial Lectureto Sectionof Neurology,S May 1977 his immediate behaviour being prominent among them. He selects items of information by attending. This selective attention is commonly directed to one source at a time, though recent work has emphasized that attention may at times be distributed over two or more sources, and that information from several sources may be added or integrated (Garner 1974) . Whether attention is selective or distributed depends in any given case upon the nature of the stimuli and the behavioural task at hand. Nevertheless, we are most commonly constrained by our limited channel capacities to serial, selective attention. Broadbent (1958) has suggested that we do this via a selective filter linked to a short-term storage; if so. the filter must be placed at a very high, that is to say a perceptual, level.
The acute, foveal vision of primates is associated with a predominantly selective visual attention. We regard the world around us in a series of stationary glimpses at 3-4 per second, each separated from the next by brief, shuttered periods during which we make rapid, ballisticlike saccadic movements of the eyes from one line of gaze to the next, and during which visual acuity is greatly reduced. These casual, 'voluntary', saccades frequently are not associated with the conscious act of attending. Indeed, they appear to differ in the higher neural control mechanism from those otherwise similar but visually-evoked saccades by which we shift the line of gaze to an object of interest. You will see later that the parietal lobe mechanism is active in control of the latter but not the former class of saccadic eye movements.
Thus, directed or selective visual attention begins with a spatial orientation of the receptor sheet, the eye itself. This orientation concentrates foveal vision upon a particular one among candidate visual targets, and attention upon vision differentially as regards other modalities. It is important to emphasize that attention and receptor orientation can be dissociated, for we commonly shift attention from one sensory portal to another with no external sign of receptor orientation, and some of us become very skilled at exhibiting the external signs of receptor orientation for one channel while attending to another! Thus there must exist a central neural mechanism for directing attention in a selective manner to the central neural representation of one class of sensory events to the neglect of that of others, independently of receptor orientation. It has often been suggested that this central mechanism may employ descending systems, which exist both within and without the great afferent pathway, to achieve selective attention by blockade of transmission in the afferent pathways not attended. The weight of evidence now available is, I believe. against this idea (Worden 1966; Naatanen 1975) . The function of those massive descending systems remains uncertain: they may be involved in shaping and differentially accentuating or suppressing certain aspects of the neural images of sensory events. and thus may be involved in the sensory-perceptual process itself. rather than in attention; if, indeed, the two can be separated.
Finally, there is an even more mysterious aspect of attention; we may recall, i.e. attend to, some sets of memory traces and ignore others, a central act which appears to be independent of any sensory input. It appears likely that under certain circumstances and in certain subjects this capacity for central attention to recalled images is facilitated by an overall reduction ofafferent bom bardment.
Experimental approach
It is clear that such a complex function as visual attention must depend upon an equally complex and widely distributed neural network, and particularly upon the temporal pattern of activity within it. Study of such a system is possible with a combination of an old idea and a new method.
The old idea is that for each behavioural phenomenon there exists a set of neural correlates that can, in principle, be observed objectively. I am certain that were he here Sherrington would find no cause for dismay in that statement. His critical attention might bearoused, however, by the following addendum: that no item or class of behaviour is meant to be excluded not even those aspects of the inner life of man he would attribute to mind. This is now of particular importance, for it is possible to study the neural correlates of complex behaviours like attention, which reflect at a certain level of complexity some aspects of 'mental' function. Thus we open once again the ancient and vexing problem of the relation of brain and mind. I shall not pursue it here, but my own experience is that. regardless of what position one may hold in philosophical discussion, success in the laboratory arena is linked to the identity hypothesisin one or another of its various forms. Indeed this hypothesis is the modusoperandi of much of present day neuroscience.
This idea is behind the newer method of study, in which one combines the methods and concepts of experimental psychology and neurophysiology (Jasper et al. 1958 , Evarts 1966 . In it, one trains an animal to emit repetitively at signal an item of behaviour, and records the electrical signs of neural activity thought relevant thereto, seeking causal relations between simultaneous variables on other grounds as well, namely: the changes in behaviour produced by brain lesions and knowledge of anatomical connections. This method has, within the last decade, produced a wealth of new facts concerning motor and sensory functions and it opens the way to study of the neural mechanisms of complex behaviour.
Formidable problems remain. Not least among them is to understand the ensemble properties of large populations of neurons, properties which are not explicit in the actions of their individual components -those single neurons we can study. one by one.
It has long been known that disorders of visual perception, and of visual attention, may fol1ow lesions in the parietal association cortex in humans. and that a simpler but similar syndrome appears in monkeys after parietal lesions. These have provided the main clues to the appropriate behavioural tasks for the study of attention. I wish now to review briefly the cytoarchitecture and connectivity of parts of the parietal lobe, and the disorders of behaviour which follow lesions within it.
The parietal lobe and its connections The association cortex of the parietal lobe of the monkey possesses an eulaminate or homotypical cytoarchitecture. It is composed of two fields: area 5, which occupies the upper bank of the intraparietal fissure; and area 7. the particular object of the present discussion, which lines the lower bank of that fissure, the exposed surface of the inferior parietal lobule, and the upper bank of the superior temporal sulcus ( Figure I ). It is important to emphasize that the cytoarchitecture of area 7 is not uniform throughout. and physiological observations suggest that the functional properties of the neurons of this large area differ between its anterior and posterior portions. Area 7 is more or less equivalent to areas PF +PG as defined by von Bonin & Bailey (1947) . It is homologous to a similarly designated area in the superior part of the parietal lobe in the human brain. No clear simian homologies have been established for areas 39 and 40, which occupy such a large region of the more lateral portions of the parietal lobe in the human brain. The parietal association cortex in the monkey is a very large area, and I estimate that areas 5 and 7 together are an order of magnitude larger than is the primary somatic sensory area of the postcentral gyrus.
Area 7 receives no direct inflow from any sensory system, but is widely interconnected with other cortical areas. It is a principal cortical target of portions of the nuclei lateralis posterior, lateralis dorsalis, and pulvinar oralis of the dorsal thalamus. The inputs to these nuclei are still incompletely defined in the primate; it is known that they receive no direct sensory projections, but do receive systems that originate in the deep layers of the superior colliculus (Benevento & Fallon 1975) and the pretectal region, descending fibres from the cortical areas upon which they themselves project, as well as others from the prestriate cortex. Thus it seems likely, though not proven with certainty. that area 7 receives convergent inputs that originate in the collicular and the geniculostriate components of the visual system. It shares with all other neocortical areas an afferent inflow from the generalized thalamocortical system, as well.
It has recently been shown that area 7 also receives direct inputs from the substantia inominata of the basal forebrain, and from the raphe-locus coeruleus monamine systems of the brainstem (Divac et al. 1977 , Kievit & Kuypers 1975 , Jones et al. 1976 , Mersulam et al. 1977 .
With regard to cortico-cortical connections, area 7 is a second order projection target for activity relayed from the somatic area I of the postcentral gyrus, first to area 5 and from thence to area 7. The latter is reciprocally interconnected with areas 8, 45 and 46 of the frontal lobe, with the cingular gyrus of the limbic lobe, and projects upon a still 'higher' association cortex in the depths of the superior temporal sulcus in the temporal lobe (Jones & Powell 1970 , Powell 1973 . The areas 7 of the two hemispheres are reciprocally connected via the corpus callosum.
Efferents from area 7 project upon the caudate-putamen and upon the pontine nuclei; thus it has access to both of the great re-entrant systems of the forebrain leading to the motor cortical areas, and from thence to peripheral action. It also emits a heavy projection to the deep layers of the superior colliculus (Petras 1971) and to the brain stem reticular formation: the brain stem oculomotor mechanisms.
In summary, area 7 is a homotypical cytoarchitectural area of the parietal lobe, widely interconnected with cortical areas in the frontal. limbic, and temporal lobes, and with its homologue in the contralateral hemisphere; it receives ascending input from the dorsal thalamus, the basal forebrain, and the brain stern monamine systems. It is widely connected on the efferent side, projecting to the frontal, limbic and temporal lobes, to the dorsal thalamus, Figure I . Drawing prepared from results of cytoarchitectural study of the parietal lobe of the left hemisphere of a monkey (,'vI. arctoidess. Areas 3, I and 2 -the postcentral somatic sensory cortex -are shown by vertical striping; area 5 of the superior parietal lobule, by light dots; and area 7 of the inferior parietal lobule, by heavy dots. The analysis was not carried beyond the lateral end of the intraparietal fissure. (Reproduced from Mountcastle ('1 al. 1975, by kind permission) the basal ganglia, superior colliculus, reticular formation, and the pontocerebellar system. It is my general proposition that these interconnected regions constitute a specifically linked but distributed neural system, and I shall later develop more fully the idea that it is the anatomical basis for a distributed function.
The parietal lobe syndrome in primates The parietal lobe syndrome in man is characterized by profound changes in behaviour frequently associated with an incongruous fact: the patient may be unaware or deny that they exist at all. The common features seen in many patients are an alteration in perception of the body form and its relation to surrounding space, and a defect in volition -the reluctance or inability readily to direct visual attention to the contralateral half-field of behaviour space, or to make stereotactic explorations within it. Either may occur with or without defects in the visual fields, or in oculomotor control (Holmes 1918) . There is a slowness in achieving fixation of gaze upon objects of interest and, in spite of this, difficulty in disengaging fixations once achieved and thus a slowness in initiating visually-evoked saccadic movements to targets of interest, even though 'spontaneous' movements of the eyes are full and there is no oculomotor paralysis (Hecaen & De Ajuriaguerra 1954) . Many patients with such an oculomotor apraxia show a deficiency of slow pursuit movements towards the side of the lesion, so that many objects are followed by repetitive, cogwheel-like movements (Cogan 1965) . Some patients with parietal lobe lesions fail to converge on or accommodate for near objects or may show deficiencies in depth perception and stereopsis, which are accentuated when only binocular disparity cues are allowed (Carmon & Bechtoldt 1969 , Benton & Hecaen 1970 .
The disorders-of visuospatial perception include a distorted concept of the body form and its relation to surrounding space. Some patients can no longer identify accurately the absolute or relative locations, distances or sizes of objects (Ratcliff & Davies-Jones 1972) , even if depth perception is unchanged, nor can they reach for or point to external objects with precision, and they make errors in spatial orientation (Teuber 1963) . Some can no longer perform reversible operations in visual space, or assume in imagination dilTering properties of objects or drawings, and show constructional and dressing apraxias (Hecaen 1962 , Butlers & Barton 1970 , Butters et al. 1970 . A common and most striking sign is a profound neglect of and inattention to the contralateral half of the body and of external space (Patlerson & ZangwilI 1944 , Oxbury et al. 1974 ), more frequently after lesions of the right than the left hemisphere in right-handed individuals (Hecaen et al. 1964) . Such lesions may also lead to loss of the topographical sense (Brain 1941 , Semmes et al. 1955 , 1963 , and to perceptual rivalry.
These disorders of visual and visuospatial function and in the conception of the body form appear in a variety of combinations with each other and with disorders of oculomotor control. They appear to be truly perceptual disorders not caused by the defects in the visual fields that frequently accompany them. Whether a true visual agnosia occurs with parietal lesions is uncertain, but a variety of agnosia-like syndromes have been described in such patients: denial of a body part, inability to recognize or to name a body part; inability to perceive more than one object at a time, or to estimate number, or to identify familiar faces (Warrington & James 1967 , Kinsbourne & Warrington 1962 .
It seems unlikely that all of these abnormalities can be assigned to loss of areas 5 and 7 alone, for surely many of the human lesions localized to the general area of the parietal lobe have also involved destruction of adjacent areas such as 39 and 40, and the prestriate association areas. For this reason, the defects which appear in the monkey after precisely-placed and verified lesions of areas 5 and 7 provide an important guide to the choice of behavioural tasks for electrophysiological experiments on these areas. The syndrome which appears in monkeys after such lesions is similar to that in man, but somewhat simpler, and wholly contralateral. There is a profound neglect of and inattention to the contralateral side of the body and face, and a remarkable release of the tactile avoiding reactions (Heilman et 01. 1970 , Denny-Brown & Chambers 1958 , Denny-Brown et al. 1975 ; and there are defects in spatial discrimination and in reaching to targets (Mendoza & Thomas 1975 , Hartje & Ettlinger 1973 . Electrical stimulation of the inferior parietal lobule in anaesthetized monkeys produces conjugate movements and deviations of the eyes (Wagman 1964).
Experimental method and data base
In designing the behavioural tasks we took our cues from the defects in volition, in visuospatial operations, and in visual attention displayed by humans and monkeys with parietal lobe lesions. For our initial survey of the parietal cortex (Lynch et al. 1973 , Mountcastle et al. 1975 we trained monkeys to fixate and/or track a stationary/moving visual target, to detect small changes in the intensity of the light carried on it, and upon detection to project arm and hand to touch the target light. I shall refer to the results of these experiments only briefly. In two subsequent sets of experiments we concentrated upon the visuomotor (Lynch et al. 1977) and the light sensitive cells (Yin & Mountcastle 1977 ) of area 7. We trained monkeys to fixate small visual targets of interest, to track them if they moved slowly, and to make saccadic movements to new targets. Close attention was required for correct detection of the dimming of the target, for a drop of liquid reward.
Arrangements were made for daily recording sessions during which one transdural microelectrode penetration was made. The animals sat in a comfortable chair, heads restrained. facing a target or a tangent screen. Each recording session lasted six hours; in that time well-trained animals emitted 1000-2000 behavioural trials, and earned 100-200 ml of liquid. Average body weight was 3 kg. The usual electronic apparatus was available for recording the electrical signs of the discharge of impulses by cortical neurons. The entire behaviour -data-collection sequence -was governed by a PDP 11-20 digital computer. Animals were returned to large cages overnight between recording sessions. The number of recording days for each animal varied between fifteen and twenty. All hemispheres were sectioned serially, and the tracks of penetrations sought, with the aid of small lesions made electrolytically at the end of each penetration. Further details of methods are given in Mountcastle et al. (1975) and Lynch et al. (1977) . Table I shows the data bases for all our studies of area 7, made in three experimental series during the last six years.
The functional properties of area 7 neurons The classes of neurons we have identified are given in Table 2 . I regard the proportions of the classes as only roughly correct, for in different sets of experiments we concentrated upon the study of one or another class of cells. In addition, in all our experiments we have observed substantial numbers of cells we could not categorize using any of the tests available to us.
Visual fixation neurons: These make up the largest class of cells in area 7. They become active when an animal fixes his gaze upon an object he desires, such as food when he is hungry or liquid when thirsty, or a target light which the trained animal has learned he must attend closely in order to detect its dimming for reward. High levels of activity occur only when the object or target is within or close to arm's reach; ifit is presented some distance away, or at any distance to a satiated animal, the activity habituates after a few trials. The typical pattern of activity ofa fixation neuron is illustrated by the records of Figure 2 . It can be seen that the most rapid acceleration of activity occurred synchronously with fixations, and that after reward and disappearance of the target light activity dropped to the intertrial level, even though the line of gaze remained steady. This suggests that the fixation neurons of area 7 are not related to the oculomotor apparatus in an obligatory or 'motor' fashion. There are three reasons for the statement that fixation neurons are not visual sensory neurons in the usual sense: (1) They are never active as the animal shifts his gaze about from one object to another in his casual inspection of his surround; cells of the visual cortex commonly are. (2) The very large majority (90 %) of visual fixation neurons subtend gaze-fields which cover only a portion of the visual field, usually in its contralateral half. When the animal fixates a target of interest outside the gaze-field of a fixation cell, there is no increment in the activity of the cell, even though the foveal receptors, and the central neurons to which they are linked, which are activated in the two cases must be virtually identical. (3) Control experiments show that when the animal fixates outside the gaze-field of a fixation cell, eccentrically placed objects or lights (spots, bars, etc.) do not activate the cell. In this regard, fixation neurons differ strikingly from the lightsensitive cells of area 7, described later.
Visual fixation neurons continue to discharge during slow pursuit tracking, so long as the line of gaze remains within the gaze-field of the cell. The activity of these cells is powerfully suppressed, beginning on average about 50 ms before and continuing throughout a saccadic movement of the eye.
A small sub-set of fixation neurons has been identified which has exactly reciprocal properties. These cells are strongly suppressed during steady visual fixation, and the suppression is released before and during visually-evoked saccades.
Visual trackinq neurons: These arc active during oculomotor pursuit of slowly-moving visual objects, not during steady fixation. Each shows a marked directional orientation, as illustrated in Figure 3 . The directional orientations of the tracking neurons in a single hemisphere are about equally distributed between the directions tested: right, left, up, and down. The activity of tracking neurons is powerfully suppressed before and during a visually evoked saccadic movement superimposed upon the tracking movement. The rate of discharge is a flat function of tracking speed, so that it seems unlikely that tracking neurons specify the speed of smooth pursuit movements. The discharge of tracking neurons begins to accelerate about 50 ms before the small, on-to-track saccade which initiates a smooth pursuit movement.
Saccade neurons: These are active before and during visually-evoked saccadic movements. Typical records of the activity of such a cell are shown in Figure 4 , together with the results of a control experiment which indicates that saccade neuron discharge is not associated with the signal light unless that light serves as a target for an evoked saccade. The relation between saccade neuron discharge and eye movement is tightly linked, and unconditional. Half the saccade cells are active before movement in only one of the cardinal directions tested; 86 %of those in one hemisphere linked to horizontally-directed saccades are related to contralaterallydirected movements. 30~~of saccade cells are active before movements in two or three directions, and the remaining 20% before all movements, but in each case activity is more intense before one particular movement than before others. About two-thirds of saccade neurons appear to be oriented in retinotopic coordinates; for the remainder, the level of the All the events arc oriented in time at the moment of fixation of the eyes. F, determined by a retrofit program analysis of the EOGs. (Reproduced from Lynch ('I al. 1977, by kind permission) associated discharge varies as a function of the spatial location of the saccade: they appear to operate in head coordinates.
Saccade cells begin to discharge on average 73 InS before eye movement: the distribution of those lead times is given by the histogram of Figure 5 . The discharge of saccade neurons appears to be more tightly locked in time to the eye movement which follows than to the light stimulus which evokes it, but the difference is not marked because of the low variance of saccade latenciesin our highlyover-trained and motivated monkeys. We have neverobserved a saccade neuron to be active during spontaneous, or voluntary, saccades.
Light-sensitive neurons of area 7: We recently categorized a class of cells we observed but did not study in our initial survey of the parietal lobe (Mountcastle et al. 1975) . Cells of this class .are sensitiveto light stimuli independentlyof whether those stimuli lead to eye movement(Yin lS 1977) . They are activated best when stimuli are presented at or near the far peripheral edges of the visual fields, at an average latency of79±6 ms. The results of the study of one such neuron are given in Figure 6 . When this animal fixated a point dead ahead (FP) . and a test light positioned 30°to the left came on midway through the fixation period, the rate of discharge of the neuron increased abruptly, and was maintained until the end of the trial (Figure 6A, upper record) . The records in Figure 68 illustrate the very large size of the receptive field of this cell, and those in Figure 6c show that it was more sensitive to the light stimulus the more eccentric the position of the latter. In general, the receptive fields of cells of this type are very large, and are located in the contralateral visual half-field, but never extend centrally to include the fovea or parafoveal regions. When all the fields of cells of this type in both hemispheres are superimposed, the summed field resembles a halo which extends to the very edges of the visual field in all directions, with a large hole in its centre. The functional properties of the light-sensitive cells of area 7 suggest that afferent signals driving them are transmitted from the retina via the retinocollicular component of the central visual systems to the nuclei lateralis posterior and pulvinar oralis of the dorsal thalamus, and from thence upon the posterior parietal areas. This representation of visual space is reminiscent of the idea of 'ambient' vision of Trevarthen (1968) . The field distributions and particularly the high sensitivity of these neuronal elements to eccentrically-placed stimuli suggest that the system could provide afferent signals playing a role in directed attention and in visually-evoked saccades. However, area 7 may also receive a convergent light-driven input relayed over cortico-thalamocortical circuits from the striate cortex. This latter seems likely in view of the accuracy of even very large visually-evoked saccades in the monkey, and in man.
Temporal course of events in the parietal cortex during an act of directed attention It is possible now to make a reconstruction of the course of neural events in the parietal cortex when a monkey directs attention towards an 'interesting' visual target. Activation of the lightsensitive cells by the appearance of an eccentrically placed target begins with a latency of about 80 ms. In our experimental paradigm the animal has learned that if he attends to such a target light and detects its dimming, he will be rewarded. We do not regard this association to be the result of 'learning', however, for similar patterns of activity are evoked when the animal saccades to natural objects of interest, such as proffered food, etc. What properties of these and other stimuli make them interesting or uninteresting and lead to a saccade or not, or how that information is transmitted, is unknown.
The second event in the parietal cortex is conditional: the discharge of the saccade neurons, which follows the onset of activity in the light sensitive neurons by about 50 ms. I postulate that during that 50 ms a matching function is executed between the neural signals of the nature of the visual target and those of the internal needs of the organism. I cannot specify this mechanism, but recall the heavy reciprocal connections between the parietal association cortex and the limbic lobe. The discharge of the saccade cells, if it occurs (if the match fits?), is unconditionally linked to the eye movement itself, which follows after another delay, which averages 73 ms. These three intervals of time (afferent delay, intracortical processing or matching. and efferent delay) total about 190-200 ms, which is the average latency of visuallyevoked saccades in our trained monkeys. Once the saccadic movements foveates the visual target, the powerful fixation mechanism comes into play, with its tracking appendage. These commands drive a tenacious visual grasp of objects of interest -the essence of selective or directed visual attention. The activity of fixation/tracking neurons is broken only by the suppression which precedes a subsequent saccadic movement to a new target.
Links to the oculomotor control system New information concerning the role of the brain stem and related structures in the control of eye movements has been used to construct a formal model of the neural mechanisms for positioning and moving the eyes, particularly for saccadic movements (Robinson 1975) . This model begins with the statements that objects are located in a head/body coordinate space and that both retinal error and eye position within the head, the latter derived from an extraretinal signal of eye position, are combined to create a driving error signal. Saccades are then monitored continually by the extraretinal signal until the sum of it and the retinal error is zero.
It seems likely that all eye movements and positionings, including that particular subset associated with directed visual attention and driven by general command signals from the parietal cortex, are executed by this common brain-stem system. Knowledge concerning the relations between the parietal cortex and these brain-stem centres is still incomplete. but inferences can be drawn from the functional properties of neurons in the cortex and the various candidate target areas, and of anatomical pathways between them. Figure 6 . Results of a study of a light sensitive neuron of area 7. In each case the monkey fixated the point FP at the centre of the tangent screen. 34 em in front of him. A. upper record: replicas of the impulse discharges for a sample of 15trials, each upstroke marking the instant at which a nerve impulse was discharged; the successive small upward and downward movements of the line mark show, from left to right, light on. closure of the signal key (KD), dimming of the light (LM) and its detection. A. middle record: a histogram of the average discharge rate during these trials, the solid line below the histogram marking the time during which the light, placed 30" to the left along the horizontal meridian, was on. A, lower record: the horizontal and vertical electro-oculograms. B, the histograms obtained from tests at 12 different spots on the screen placed at equal intervals around a 20· radius circle. The locations of the test spots are shown by the small solid spot on each histogram. and the solid line below each marks the time during which the test light was on. C, histograms obtained from four test spots placed on the horizontal meridian at successive 7.5· intervals in distance to the left of FP. (Reproduced from Yin & Mountcastle 1977, by kind permission) This matter has been discussed in detail in a recent paper (Lynch et al. 1977) with the general conclusion that each class of area 7 visual neurons (each is thought to contain output elements with long axons) project their signals upon more than one component of the oculomotor control system, and that these projections differ for different classes. Judging on the evidence available so far, the saccade neurons of area 7 may project their signals to the deep layers of the superior colliculus, may reach the paramedial pontine reticular formation either directly or via the superior colliculus, and may project into the pontocerebellar system, but probably do not project upon the frontal eye fields. The fixation and tracking neurons of area 7 may project upon the frontal eye fields, upon the paramedian pontine reticular formation, and into the pontocerebellar system, but probably do not project upon the superior colliculus. More precise information about these important connections awaits a combination of methods which will allow the simultaneous determination of the properties of an output neuron of the cerebral cortex and the destination of its axon. Intrinsic organization Until now I have treated the classes of parietal neurons as if they were observed by sampling from a randomly distributed population containing representatives of them all. This is not, of course, the case. The homotypical cortex of area 7 exhibits in an accentuated form the cellular distributions and connectivity characteristic of columnar organization (Mountcastle 1957 , Powell & Mountcastle 1959 . All of the physiological evidence I have so far fits with the general proposition that here, as in the koniocortex, input-output relations occur over a translaminar chain of neurons interconnected heavily in the vertical direction and sparsely so in lateral directions. There is evidence that such a vertically-linked group of cells functions as a processing and distributing unit, and that the preponderance of one function or the other varies between cortical areas. Moreover, each extrinsic connection of an area selects a particular subset of these columnar units, linking them with subsets of other cortical areas and of subcortical nuclei to form a specifically-connected but widely-distributed system. Little is known about the intrinsic processing operations within these elementary cortical modules. Therein lie, I believe, important clues to understanding integrative action within the nervous system -the central problem of our science and one which occupied Sherrington during most of his scientific life.
Command functions and distributed systems The development in primates of a foveal vision with great resolving power is accompanied by that of an elegant brain-stem apparatus for controlling oculomotor operations. It is my hypothesis that there has developed congruently in the parietal lobe and its distant connections a neural apparatus for the integration and governance of these events. This command source is itself sentient to a continually updated image of the position of the body, head, and eyes relative to the immediate surround and the gravitational field; is linked to neural signals of the internal drive states of the organism; and from time to time generates commands for the fixation of gaze upon objects of interest -the first step in directed visual attention. I emphasize the general nature of this idea, for there must exist in the brain many sources of command for the direction of gaze. I emphatically do not imply by 'source' single or small sets of pontifical neurons, for in all such complex systems there must exist a redundancy of command in which the possession of the necessary and urgent information constitutes authority for decision in the part possessing the information. The items of information required for the selective direction of visual attention are: the instantaneous position of body, head and eyes; the qualitative nature and spatial location of objects; and the internal drive state of the organism. The very large and widespread locations of neural systems which might provide these items suggests that information concerning them is unlikely to be projected convergently upon neurons in anyone restricted locale in the nervous system. This suggests that the necessary and urgent information required for directed visual attention is processed into, and thus for a moment in time resides in, the network of the parietal lobe and its distant connections, i.e. in the system as such.
Thus it is not surprising to see a dissociation of command signals for two classes of eye movements: those emitted in spontaneous but casual visual search, and those evoked by the appearance of objects of interest. It is also not surprising to see that the defects of visual attention and in oculomotion produced by parietal lobe lesions are partial or transient, or that these lesions produce no obvious defects in other aspects of attention. At this level of brain organization a lesion may produce both a local defect and a disconnection syndrome. Each may affect all related functions only partially, or obliterate a part-function. Thus it is predictable that, for higher nervous function, one can localize a lesion, but not a function.
The parietal lobe and corisciousness I beg your indulgence for a speculative proposition; namely, that the internal construct of the image of self and self-in-the-world, and for the projection of attention into the external world, is an essential part of conscious awareness and conscious action. The profound contralateral neglect shown by patients with parietal lobe lesions may be regarded in this sense as a spatiallylocalized defect of consciousness. Such a patient no longer has the capacity to attend to that contralateral world; for him it no longer exists. And the withdrawn self-isolation of a monkey after bilateral removal of the parietal lobes suggests a reduction in his level of consciousness, for he has lost that directed, information-seeking behaviour characteristic of attending primates. The observation of Sperry and his colleagues of humans after hemispheric disconnection bear upon this question (Sperry 1968 , Trevarthen & Sperry 1973 . A striking feature of patients after complete section of the corpus callosum is a dissolution of conscious unity, so that each hemisphere appears to contain a separate consciousness, only one of which has access to expression by the use oflanguage. (The dissolution is not complete, for there is evidence that some more primitive functions, such as ambient vision, remain undivided after callosal section (Trevarthen & Sperry 1973) .) The unity of conscious experience remains undisturbed after transection of the anterior and middle portions of the corpus callosum (Gordon et al. 1971) , but dissolves when the section is extended posteriorly to include connections between the two parietal lobes (Diamond 1976) . This suggests that it is the interparietal linking of the mechanisms for generating an internal image of the body and its relation to the external world and for directing attention thereto that are essential for conscious unity.
The corollary discharge or reafferent hypothesis It is a reasonable alternative hypothesis that the activities of parietal cells are corollary discharges, not commands for action. The general idea is that a parallel discharge accompanies each central motor command, and is fed back along pathways wholly within the central nervous system to provide neural replication of the movements ordered. It can be regarded as an error-detecting mechanism, generating signals for corrective action. On this hypothesis, the activity of parietal neurons correlated with the direction of gaze, or tracking movements of the eyes, or with visually evoked saccades, might be thought to be reafferent signals originating elsewhere and used to update the parietal construction of a neural image of body position, attitudinal set, etc. The facts arguing against this interpretation are the motivationally dependent nature of the activity of fixation neurons, and the selective relation of the discharge of saccade neurons to visually-evoked but not to spontaneous saccades. In order to accommodate these facts, the hypothesis would have to include the assumption that there are different reafferent signals, differently directed, for each of several classes of movements executed with the same muscles. The timing relations between the discharge of parietal neurons and correlated peripheral events are compatible with either the command or the reafferent hypothesis. Obviously the matter cannot be settled at present and though the evidence appears to favour the command hypothesis, it must remain for the moment only the most logical inference.
